It is now well established that conditioned responding to a simple Pavlovian conditioned stimulus (CS) can be modulated by another cue. For instance, it has long been known that responding can be inhibited by a cue that signals when a CS will not be reinforced (Pavlov, 1927) . More recently, it has been demonstrated that responding can be augmented by a cue that signals when a CS will be reinforced. This type of modulation was first reported for rats and has since been observed in rabbits (Brandon & Wagner, 1991) and in pigeons (Rescorla, 1985) . For example, Holland and his colleagues (Holland, 1983; Ross, 1983; exposed rats to repeated presentations of a 5-sec tone CS that was followed by a food unconditioned stimulus (US) only when the tone was preceded by a 5-sec light cue. Using this feature-positive procedure, they found that responding to the tone was considerably higher on the trials when it was preceded by the light. Rescorla (1985) has shown a parallel facilitating effect in pigeons. If a keylight was followed by a food US only when a diffuse auditory or visual stimulus preceded its presentation, pecking to the keylight occurred primarily on trials with the diffuse stimulus.
Evidence that this facilitation effect involves a modulatory process has come largely from an examination of the form of the response that is augmented by the facilitator. For example, previous studies with rats have shown that a light CS paired with a food US elicits a behavior (rearing) that is different from the behavior (headjerking) elicited by a tone CS paired with the same food US (Holland, 1977) . In the feature-positive procedure used with rats, the light promoted headjerking to the tone CS, suggesting that the light did not develop its own excitatory association with the food US . Similarly, in the facilitation procedure with pigeons, the diffuse cue was found to increase pecking to the keylight CS, rather than increasing general activity, which is the response usually evoked by simple Pavlovian pairings of a diffuse stimulus with a food US in pigeons (Rescorla, 1985) . These findings suggest that a facilitator operates through a process that is different from simple excitatory conditioning. This conclusion has been reinforced by studies demonstrating that a Pavlovian excitor was not an effective substitute for a facilitator (Rescorla, 1985) .
Three different modulatory mechanisms have been proposed for the action of a facilitator. The US threshold modulation account proposed by Rescorla (1985) asserts that a facilitator enables other stimuli to access the US representation by lowering its activation threshold. The specific occasion-setting account developed by Holland (1983 Holland ( , 1985 asserts that a facilitator acts as a gate on the association between a target stimulus and the US. Finally, Wagner and Brandon (1989) have argued that a facilitator engages a motivational system that modulates the response to the target stimulus. Each of these views dictates that the form of the response will be determined by the
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Acquisition, extinction, and transfer of facilitation were explored in a series of experiments with C57BL/6J mice. With a procedure in which an auditory target was followed by food only in the presence of a visual facilitator, Experiments 1-4 showed that the facilitator promoted magazine entries to the auditory target. This enhancement effect was eliminated by training the facilitator as a conditioned inhibitor (Experiments 1 and 3B). Enhancement was also reduced by nonreinforced presentations of the facilitator in a discrimination procedure (Experiment 1) and by simple nonreinforcement of the facilitator (Experiments 2, 3A, and 4). In contrast to the results obtained with a facilitator, simple nonreinforcement of an inhibitor, a visual cue that had signaled when an auditory target would not be reinforced, did not reduce its ability to modulate responding to that target (Experiment 4). However, both the facilitator and the inhibitor were found to transfer their modulatory effects to other targets (Experiment 4). Finally, mice demonstrated no evidence of differential responding on a biconditional discrimination procedure in which one auditory target (A1) was reinforced in the presence of one visual stimulus (L1) but not in the presence of another (L2), and a different auditory target (A2) was reinforced in L2 but not in L1 (Experiment 5). The implications of these results for analysis of the function of a facilitator are discussed.
target, not by the facilitator. Subsequent efforts to evaluate these various proposals for how facilitators operate have depended largely on two experimental strategies; one strategy involves examining the conditions for extinction of facilitation, and the other strategy involves examining the conditions for transfer of facilitation. Rescorla (1986a) has provided the most systematic analysis of the circumstances required for the removal of facilitation. In a series of experiments with pigeons, he found that procedures involving the nonreinforcement of an excitor, but not a neutral cue, in the presence of the facilitator successfully attenuated its power to enhance responding. In contrast, simple nonreinforcement of the facilitator left its ability to enhance responding intact, as did reinforcement of a stimulus in both the presence and the absence of the facilitator. This pattern of results suggests that the crucial feature for extinction of a facilitator is its nonreinforcement in conjunction with an excitatory Pavlovian CS. These findings reinforce the view that a facilitator is different from a Pavlovian excitor and support the idea that a facilitator modulates access to the US representation (Rescorla, 1985) . This US threshold modulation framework for understanding the function of a facilitator has been further supported by the results of several studies in which transfer of facilitation was examined. In general, there is good agreement that a facilitator trained with one target will promote responding to another target trained with a different facilitator. Transfer of facilitation has also been observed for a trained and extinguished Pavlovian excitor (Holland & Reeve, 1991; Rescorla, 1985) , further suggesting that facilitation depends on a general property, such as shifting the threshold for activating the US representation.
However, it has been noted that in many of these studies, transfer of facilitation has been incomplete even to targets trained with other facilitators. This finding of incomplete transfer implies some specificity in the action of a facilitator. That specificity has been captured fairly obviously by Holland (1983 Holland ( , 1985 in his assertion that a facilitator acts selectively on the association between its target and the US. A different solution has been proposed by Brandon and Wagner (1998) , who retained the idea of emotive modulation but explained the occurrence of incomplete transfer by appealing to configural control of responding. An important feature of these specific modulatory approaches is that they predict differential responding on a biconditional discrimination in which two stimulus compounds, AX and BY, are reinforced and two related compounds, AY and BX, are not reinforced. In contrast, the US threshold modulation account anticipates no differential responding, because a stimulus cannot both raise and lower the threshold for activating that US representation.
The first goal of the present experiments was to demonstrate facilitation in the mouse. With the current advances in mouse genetics (Perkins, 2002; Picciotto, 1999) , it is highly desirable to develop mouse conditioning procedures suitable for the analysis of the role of genes in learning and memory (Tecott, 2003; Wehner, Radcliffe, & Bowers, 2001 ). The facilitation paradigm affords an attractive opportunity to study a modulatory process that may depend on a different neural substrate from that mediating the type of simple activation process involved in Pavlovian conditioning. The second goal of the present experiments was to document the conditions for extinction and transfer of facilitation in the mouse. Evidence that the circumstances shown to remove facilitation and to produce transfer of facilitation in the pigeon have parallel effects in the mouse would suggest a common mechanism of action. Thus, current theoretical analysis of facilitation derived from studies of rats, rabbits, and pigeons could be applied directly to the mouse.
A series of experiments with C57BL/6J mice is reported in which acquisition, extinction, and transfer of facilitation were explored. Each experiment used some elaboration of a basic training procedure that involved some trials in which a 5-sec auditory CS was embedded in the last 5 sec of a 15-sec light facilitator and terminated with a food pellet and other trials in which the 5-sec auditory CS was presented without food. Preliminary work in our laboratory with C57BL/6J mice has shown that Pavlovian pairings of auditory cues with food result in high rates of conditioned magazine entries, whereas light stimuli paired with food support only low to negligible rates of this response. We took advantage of this difference in assigning visual stimuli to serve as facilitators for auditory CSs, so that we could use response form to argue for a modulatory analysis of the action of the facilitator. Evidence that the light facilitator enhanced magazine entries during presentation of the auditory CS would be consistent with a modulatory account. In contrast, evidence of a low rate of responding to the auditory stimulus in the presence of the light would favor an elemental analysis in which a simple excitatory Pavlovian association developed between the light and the food. These experiments were also performed to examine how various conditions of nonreinforcement of the putative facilitator might affect its ability to augment responding to its auditory CS. Finally, these experiments were performed to examine transfer of facilitation and performance on a biconditional discrimination.
EXPERIMENT 1
The aim of Experiment 1 was to document acquisition and extinction of facilitation in the mouse. C57BL/6J mice were trained on a facilitation procedure modeled after the positive patterning procedure used by Davidson and Rescorla (1986) with rats. Thus, the subjects received reinforced presentations of a noise target embedded in the last 5 sec of a 15-sec light facilitator (LϪNϩ) intermixed with separate nonreinforced presentations of the light facilitator (LϪ) and the noise target (NϪ). Nonreinforced presentations of the light were included in order to discourage the potential development of a Pavlovian association between the light and the food that might interfere with its ability to develop modulatory control over responding to the noise target (Rescorla, 1986b) .
Following acquisition of facilitation, half of the mice (Group I) were given conditioned inhibition (CI) training in which the light facilitator was established as a signal for the nonreinforcement of a tone that was otherwise reinforced (LϪTϪ and Tϩ trials). The remaining mice (Group D) were given discrimination training in which the light facilitator was presented alone and nonreinforced and the tone was presented alone but reinforced (LϪ and Tϩ trials). In this way, both groups received the same number of nonreinforced presentations of the light and the same number of reinforced presentations of the tone, but only Group I received nonreinforcement of the tone excitor in the presence of the light, a treatment known to be critical for extinction of facilitation. Finally, the light facilitator was tested with the noise target in both groups. According to Rescorla's (1985) US threshold modulation account, the ability of the facilitator to promote responding to the noise target should be reduced in Group I but unaffected in Group D. In contrast, specific modulatory accounts of facilitation expect neither treatment to eliminate facilitation (Brandon & Wagner, 1998; Holland, 1989b) .
Method Subjects
The subjects were 8 male and 8 female experimentally naive C57BL/6J mice (Jackson Labs) approximately 50 days old at the start of the experiment. They were housed in same-sex pairs in plastic tubs (27 ϫ 16.5 ϫ 12.5 cm) on a 12:12-h light:dark cycle. Their tails were either marked with a black stripe or left unmarked, to distinguish between individuals housed together. The mice were given 1-to 2-h daily access to food to maintain them at 85% of their freefeeding weights. Water was always available in the home cage.
Apparatus
The apparatus consisted of eight identical mouse conditioning boxes (Med Associates) measuring 24.0 ϫ 20.1 ϫ 18.6 cm. The two end walls of the chamber were composed of aluminum panels; the side walls and ceiling were clear polycarbonate. The floor of the chamber was composed of 0.4-cm stainless steel rods spaced 0.6 cm apart. Each chamber had a recessed food magazine in the center of one end wall. Each operation of the pellet dispenser allowed a single 20-mg food pellet (Formula A; P. J. Noyes Co.) to drop onto the floor of the magazine. An infrared detector and emitter system was mounted on the inside walls of the magazine, permitting automatic recording of head entries into the magazine.
Each operant chamber was enclosed in a sound-attenuating and light-resistant shell, equipped with a 1-cm spy hole in the front door for observation. A houselight with diffuser (Med Associates) was mounted on the ceiling of the shell directly above the chamber. Two speakers mounted vertically on the wall opposite the food magazine permitted presentation of a white noise and a 2900-Hz tone. Experimental events were controlled and recorded automatically by interfacing (Med Associates) and a 486 computer located in the same room as the conditioning chambers.
Procedure
Magazine training. The subjects were given one session of magazine training in which 15 food pellets were delivered on a variabletime (VT) 60-sec schedule.
Facilitation training. Each session of facilitation training consisted of 24 trials, with a mean intertrial interval (ITI) of 150 sec. On 8 trials, a noise target was presented in the last 5 sec of a 15-sec houselight, followed by the delivery of a food pellet (LϪNϩ); on 8 other trials, the houselight was presented for 15 sec and was nonreinforced (LϪ); on the remaining 8 trials, the noise target was presented for 5 sec and was nonreinforced (NϪ). Each of these three trial types occurred equally often and in a random order within the first 12 trials of each session; the order for the remaining 12 trials of each session was a mirror image of the first 12. All the subjects received 16 sessions of facilitation training. Head entries into the food magazine were recorded automatically during all stimulus presentations and during the ITIs throughout all of the experiments.
Extinction of facilitation. The subjects were assigned to one of two groups, counterbalanced with respect to gender and matched for response rates on the three trial types at the end of facilitation training. Group I received 16 sessions of CI training. Each session contained eight nonreinforced presentations of a tone embedded in the last 5 sec of the 15-sec houselight (LϪTϪ) and eight reinforced presentations of the 5-sec tone alone (Tϩ). Group D received 16 sessions of discrimination training. Each session contained eight nonreinforced presentations of the 15-sec houselight (LϪ) and eight reinforced presentations of the 5-sec tone alone (Tϩ). For both groups, the order of trials was random, and the mean ITI was 150 sec. Reinforcement consisted of a single food pellet.
Testing. There were three test sessions. Each test session was identical to a facilitation training session, except that there were only 4 presentations of each of the three trial types and all the trials were nonreinforced. Thus, there were four LϪNϪ trials, four LϪ trials, and four NϪ trials presented in a random order with a mean ITI of 150 sec. The first test session was preceded by half a session of CI training for Group I and by half a session of discrimination training for Group D. The second test session for each group was preceded by three daily sessions of nonreinforced noise presentations, designed to reduce responding to the noise target. Each session contained 16 nonreinforced presentations of the 5-sec noise, with a mean ITI of 150 sec. Finally, the third test session was preceded by 14 days with no treatment, to allow spontaneous recovery of responding to the noise target.
Results and Discussion Facilitation Training
Figure 1 plots performance on the facilitation task. As training progressed, responding, as indexed by head entry into the food magazine, increased substantially to the noise target in the presence of the light facilitator (LϪNϩ). Responding to the noise target alone (NϪ) also increased initially but then declined to the same low level of responding as that to the light alone (LϪ). By the end of training, the light facilitator promoted substantial responding to the noise target. Analysis of the terminal session of facilitation training revealed a significant difference between responding to the noise target in the presence of the light and responding to the noise target alone [F(1,15) ϭ 33.3, p Ͻ .01]. This result suggests that responding to the auditory target was, indeed, modulated by the light facilitator.
Extinction of Facilitation
By the end of CI training, Group I was responding at a high rate to the tone when it was presented alone and at a considerably lower rate when it was presented with the light facilitator. In the half session of CI training prior to the first test, the mean response rates on Tϩ and LϪTϪ trials were 22.1 and 3 responses per minute, respectively. This difference in response rates was significant [F(1,7) ϭ 28.5, p Ͻ .01]. The mean rate of responding to the first 10 sec of the light on LϪTϪ trials was also extremely low (0.4 responses per minute). By the end of discrimination training, Group D was also responding at a high rate to the tone alone and at a negligible rate to the light facilitator. In the half session of discrimination training prior to the first test, the mean response rates on Tϩ and LϪ trials were 27.8 and 1.5 responses per minute, respectively. This difference in response rates was significant [F(1,7) ϭ 27.2, p Ͻ .01].
Testing
The data of most interest come from the three test sessions in which the ability of the light facilitator to promote responding to its noise target was assessed. The data from the first test session are summarized in Figure 2A . As was predicted, responding to the noise target in Group I was significantly reduced in the presence of the light. A comparison of the rates of responding to the noise alone and to the noise in the presence of the light in Group I revealed a significant difference [F(1,7) ϭ 20.2, p Ͻ .01]. However, there was no evidence that the light had retained its ability to promote responding to its noise target in Group D. In fact, responding to the noise target was slightly lower in the presence of the light. A comparison of the rates of responding to the noise alone and to the noise in the presence of the light in Group D revealed no significant dif-
The results of the second test session, shown in Figure 2B , suggest that the failure to observe facilitation in Group D was not due to a ceiling effect. Even after responding to the noise had been substantially reduced to a level close to that obtained at the end of facilitation train- 
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ing, there was little evidence that the light had retained its ability to promote responding to the noise target in Group D. The mean rates of responding to the noise alone and to the noise in the presence of the light were not significantly different [F(1,7) ϭ 1.0, p Ͼ .10]. Despite the low response rate to the noise alone, presentation of the light in Group I continued to suppress responding to the noise target [F(1,7) ϭ 5.6, p ϭ .05]. Figure 2C shows the data from the third test, conducted after a 14-day rest period. As was expected, this delay was sufficient to allow responding to the noise target to recover to a level intermediate between those obtained in Tests 1 and 2. The pattern of responding to the noise in the presence and absence of the light replicates that observed in the first two tests. Responding to the noise was significantly reduced by the light in Group I [F(1,7) ϭ 11.9, p Ͻ .05] but was unchanged in Group D (F Ͻ 1). Thus, a consistent set of findings emerged from these three tests, in which the level of responding to the auditory target varied across each test; a facilitator trained as an inhibitor reduced responding to the target, and a facilitator nonreinforced in a discrimination procedure lost its ability to affect responding to the target.
The results of Experiment 1 demonstrate successful acquisition of facilitation in the C57BL/6J mouse. The light facilitator promoted magazine responses during the presentation of its noise target. This observation suggests that the light functioned as a modulator of the response to the noise, rather than simply developing its own direct Pavlovian association with the food US. Consistent with this analysis and with the results reported by Rescorla (1986a) are the test data from Group I, which revealed that training the light as a conditioned inhibitor for a Pavlovian excitor eliminated its ability to promote responding to its original auditory target. The surprising outcome of this experiment consists of the test data for Group D, which received nonreinforced presentations of the light facilitator in a simple discrimination procedure. That treatment was expected to leave the ability of the light to facilitate responding to its auditory target intact. Instead, facilitation was abolished by this treatment. Not only is this result discrepant with that in Rescorla's (1986a) study, but also it is at odds with a report by Holland (1989b) that showed no effect of nonreinforced presentations of the facilitator on its modulatory action in rats. The remainder of this article is concerned primarily with understanding the source of the discrepancy between the test results of Group D and the data reported by Rescorla (1986a) and Holland (1989b) and its implication for an analysis of facilitation in the mouse.
EXPERIMENT 2
There are a number of differences between the procedure used in Experiment 1 and the procedures used by Rescorla (1986a) and Holland (1989b) that may have contributed to the discrepancy between our results regarding the effect of nonreinforced presentations of the facilitator. First, in Experiment 1, nonreinforced presentations of the facilitator were embedded in a discrimination procedure that has been shown to sometimes endow the nonreinforced stimulus with inhibitory properties (Grossen & Bolles, 1968; Hammond, 1967 Hammond, , 1968 . This raises the possibility that the facilitator may have acquired sufficient inhibition to offset its response-enhancing function in Group D. Second, there were 16 sessions of extinction in Experiment 1, but only 6 sessions in the study by Rescorla (1986a) and 8 sessions in the study by Holland (1989b) . Perhaps with fewer extinction sessions and the reduced opportunity to eliminate spontaneous recovery between sessions, Experiment 1 might have shown preservation of facilitation in Group D. Third, Experiment 1 did not include an untreated facilitator, so the possibility cannot be ruled out that the simple passage of time contributed to the loss of facilitation in Group D.
Experiment 2 was designed to document the effect of the passage of time on facilitation in the mouse and to assess the impact of a more abbreviated series of nonreinforced presentations of the facilitator on its ability to promote responding to its auditory target. Experiment 2 also eliminated the discrimination component of the nonreinforced treatment. C57BL/6J mice were trained on the same facilitation procedure as that used in Experiment 1. Thus, they received reinforced presentations of a noise target embedded in the last 5 sec of a 15-sec light facilitator (LϪNϩ) intermixed with separate nonreinforced presentations of the light facilitator (LϪ) and the noise target (NϪ). Six days after the last training session, the mice were given a retention test that was identical to a facilitation training session, except that no food reinforcement was given. The purpose of this test was to determine how well facilitation would be preserved over time.
Following retention testing and subsequent retraining on the facilitation task, half of the mice (Group E) were given six extinction sessions in which the light facilitator was presented and nonreinforced. The remaining mice (Group C) were given context exposure. They were placed in the operant boxes but did not receive any stimulus presentations. In this way, both groups were exposed to the context without reinforcement, but only Group E received nonreinforced presentations of the facilitator. Finally, the light facilitator was tested with the noise target in both groups. The question of interest was whether facilitation would be undermined by nonreinforcement of the facilitator.
Method Subjects and Apparatus
Sixteen experimentally naive male C57BL/6J mice (Jackson Labs), approximately 50 days old at the start of the experiment, served as subjects. The conditions for housing and maintenance were the same as those in Experiment 1. The apparatus was the same as that used in Experiment 1.
Procedure
Magazine training. The subjects were given two sessions of magazine training, in each of which 15 food pellets were delivered on a VT 60-sec schedule.
Facilitation training. The procedure for facilitation training was identical to that used in Experiment 1. Each of the 16 sessions con-sisted of eight LϪNϩ trials, eight LϪ trials, and eight NϪ trials. The mean ITI was 150 sec.
Retention test. For 6 days after the terminal session of facilitation training, the mice remained in the colony, were weighed daily, and were maintained at their 85% ad lib body weight. The following day, they were tested for retention of the facilitation task. The test session was identical to a regular facilitation training session, except that all the trials were nonreinforced.
Extinction of facilitation. Following the retention test, the subjects were given two additional sessions of facilitation training. The subjects were subsequently assigned to one of two groups matched for response rates on the three trial types in the second of these facilitation retraining sessions. Group E received six extinction sessions. Each session contained 16 nonreinforced presentations of the 15-sec houselight facilitator (LϪ), during which magazine entries were recorded. Group C received six sessions of context exposure. They were placed in the operant boxes for the same amount of time as Group E but received no stimulus presentations. For Group C, there were 16 pseudotrials scheduled at the same time as an LϪ trial, during which magazine entries were recorded. The mean ITI was 150 sec for both groups.
Testing. All the subjects were given another test session that was identical to a regular facilitation training session, except that all the trials were nonreinforced.
Results and Discussion Facilitation Training
Acquisition of the facilitation task followed a course similar to that observed in Experiment 1. As training progressed, responding increased substantially to the noise target in the presence of the light facilitator (LϪNϩ). Responding to the noise target alone (NϪ) also increased initially but then declined to the same low level of responding as that to the light alone (LϪ). By the end of training, the light facilitator promoted substantial responding to the noise target. In the final training session, the mean rate of responding was 9.9 responses per minute to the target alone and 41.3 responses per minute to the target in the presence of the facilitator. The mean rate of responding to the facilitator alone was 12 responses per minute. Analysis of the terminal session of facilitation training revealed a significant difference between responding to the noise target in the presence of the light and responding to the noise target alone [F(1,15) Figure 3A shows the data from the retention test conducted after a 6-day rest period (Test 1). Although there was a slight decrease in responding to the noise target in the presence of the facilitator, relative to the end of facilitation training, responding to the noise was nevertheless significantly and substantially enhanced by the light [F(1,15) ϭ 50.7, p Ͻ .01].
Retention Test

Extinction of Facilitation
Over the course of extinction training, responding to the light facilitator in Group E decreased slightly from its initially low level of 5.7 responses per minute in Session 1 to fewer than 2 responses per minute for the remaining five sessions of extinction. In the final session of extinction, the mean response rate on LϪ trials was 0.8 responses per minute. For Group C, the mean rate of magazine entries on the pseudotrials declined from 2.4 responses per minute in Session 1 to under 2 responses per minute for the subsequent sessions. In the final session of extinction, the mean response rate on the pseudotrials was 1.4 responses per minute.
Testing
The data of most interest come from the postextinction test, in which the ability of the light facilitator to promote responding to its noise target was assessed. The data from this session (Test 2) are summarized for each group in Figure 3B. As was predicted, responding to the noise target in Group C was promoted in the presence of the light. The 
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magnitude of this enhancement effect was only slightly less than that observed in the retention test. A comparison of the rates of responding to the noise alone and to the noise in the presence of the light in Group C revealed a significant difference [F(1,7) ϭ 29.5, p Ͻ .01]. However, there was no evidence that the light had retained its ability to promote responding to its noise target in Group E. Responding to the noise target was only marginally elevated in the presence of the light. A comparison of the rates of responding to the noise alone and to the noise in the presence of the light in Group E revealed no significant differ-
The results of Experiment 2 confirm and extend the findings of Experiment 1 regarding acquisition and extinction of facilitation in the C57BL/6J mouse. First, the light facilitator promoted magazine responses during the presentation of its noise target, suggesting that the light functioned as a modulator of the response to the noise, rather than simply developing its own direct Pavlovian association with the food US. Second, this enhancement effect persisted over time. At the end of a 6-day rest period, the mice continued to respond more to the noise target in the presence of the facilitator than in its absence. Third, the light facilitator failed to promote responding to its auditory target following simple nonreinforced presentation and after only six sessions of extinction. This loss of the enhancement effect cannot be attributed either to the passage of time or to context exposure per se, because facilitation was preserved in Group C. These results, together with those of Experiment 1, suggest that nonreinforced presentations of the facilitator can decrease its ability to promote responding to its original target.
EXPERIMENT 3A
The primary goal of Experiment 3A was to provide a further assessment of the effect of nonreinforced presentations of the facilitator on its response-enhancing function, using a within-subjects design. To this end, the mice were initially trained with two visual facilitators (L1 and L2) and two auditory targets (N and T). They were subsequently exposed to presentations of one facilitator alone, without reinforcement. Both facilitators were then tested with both targets. The basic design of this experiment is outlined in Table 1 .
An important advantage of this within-subjects design is that any difference between the two facilitators during testing can be attributed to a specific, rather than generalized, effect of the extinction treatment. It also more closely parallels the design used by Rescorla (1986a) . Experiment 3A also omitted nonreinforced presentations of the facilitators during original training. Although it seems more, rather than less, likely that the inclusion of such trials would have minimized any impact of additional nonreinforced presentations of a facilitator on target responding, it constituted a major procedural difference between the feature-positive procedure used by Rescorla (1986a) and Holland (1989b) and the positive patterning procedure used in Experiments 1 and 2. The question of interest was whether simple nonreinforced presentations of a facilitator would eliminate its response-enhancing function.
Method Subjects and Apparatus
Sixteen experimentally naive male C57BL/6J mice (Jackson Labs), approximately 50 days old at the start of the experiment, served as subjects. The conditions for housing and maintenance were the same as those in Experiment 1. The apparatus was the same as that used in Experiment 1, except for the addition of a 28-V yellow stimulus panel light mounted 2 cm above the grid floor on the back polycarbonate wall and 3 cm from the right aluminum wall that supported the recessed food magazine.
Procedure
Magazine training. The subjects were given one session of magazine training, in each of which 15 food pellets were delivered on a VT 60-sec schedule.
Facilitation training. Each of the 16 sessions of facilitation training consisted of twelve 5-sec presentations of each auditory target, noise (N) and tone (T), with a mean ITI of 150 sec. Four presentations of each auditory target were embedded in the last 5 sec of a 15-sec houselight (L1ϪNϩ and L1ϪTϩ), and another four presentations of each cue were embedded in the last 5 sec of a 15-sec panel light (L2ϪNϩ and L2ϪTϩ). All of these presentations terminated with the delivery of a food pellet. In addition, four presentations of each auditory target were nonreinforced (NϪ and TϪ). An equal number of each of the six trial types occurred in the first half of each session, with the order randomized across days. The order of trials in the second half of each session was a mirror image of the order in the first half of that session.
Extinction of facilitation. For the next 6 days, the subjects received nonreinforced presentations of one of the light facilitators. Each session contained either 16 nonreinforced presentations of the 15-sec houselight (L1Ϫ) or 16 nonreinforced presentations of the 15-sec panel light (L2Ϫ). Eight mice were assigned to each treatment condition, matched for their response rates on the six trial types in the terminal session of facilitation training. The mean ITI was 150 sec.
Testing. All the subjects were given one test session that was identical to a facilitation training session, except that all the trials were nonreinforced.
Results and Discussion Facilitation Training
Figure 4 plots responding to the auditory targets presented alone (TarϪ) and in the presence of the facilitators (FacϪTarϩ) across the 16 sessions of facilitation training. Note-Two 15-sec lights (L1 and L2) were established as facilitators for a 5-sec noise (N) and a 5-sec tone (T) target. In the extinction phase, one of the facilitators was presented alone and nonreinforced. In the test phase, responding to the targets alone (N and T) was compared with responding to the targets in the presence of the extinguished and untreated facilitators. A "ϩ" indicates reinforced, and a "Ϫ" indicates nonreinforced.
Both the pattern of acquisition and the terminal rates of responding to the facilitator-target compound and to the target alone were similar to those obtained in Experiments 1 and 2. As training progressed, responding increased substantially to the auditory targets in the presence of each facilitator. Responding to the targets alone showed a slight initial increase but then declined to a rate slightly lower than that recorded in the first 10 sec of the light facilitators. By the end of training, the facilitators promoted substantial responding to the targets. Analysis of the terminal session of facilitation training revealed a significant difference between responding to the auditory targets in the presence of the visual facilitators and responding to the targets alone [F(1,15) ϭ 108.6, p Ͻ .01].
Extinction of Facilitation
Over the course of extinction training, responding to the facilitator decreased slightly from its initially low level of 3.1 responses per minute in Session 1 to under 2 responses per minute for the remaining five sessions of extinction. Once again, both the overall pattern and the level of responding to the facilitator alone were similar to those observed in Experiments 1 and 2. In the final session of extinction, the mean response rate was 0.4 responses per minute.
Testing
The data of most interest come from the postextinction test, in which the ability of the extinguished and notpresented facilitators to promote responding to the auditory targets was assessed. The data from this session are summarized in Figure 5 . Although the overall levels of responding are extremely low, responding to the targets was increased by both facilitators, but more so by the untreated facilitator than by the extinguished facilitator. A comparison of the rates of responding to the targets alone and to the targets in the presence of the extinguished and untreated facilitators revealed a significant main effect of conditions [F(2,30) ϭ 13.8, p Ͻ .01]. Follow-up analyses revealed that responding to the targets was promoted by In summary, the results of Experiment 3A confirmed with a feature-positive procedure the results of Experiments 1 and 2, which used a positive patterning procedure, that facilitation is reduced by nonreinforced presentations of the facilitator. With a within-subjects design, Experiment 3A demonstrated that a facilitator that had been presented alone and nonreinforced was less effective than an untreated facilitator in promoting responding to an auditory target. Unfortunately, the level of responding to the auditory targets during testing with the untreated facilitator was considerably lower than the rate observed during the terminal sessions of facilitation training. This outcome suggests that there may have been substantial generalization between the two facilitators, so that the impact of nonreinforced presentations on one facilitator generalized to the other (untreated) facilitator. This degree of stimulus generalization may constrain the use of a within-subjects design with these particular stimuli in C57BL/6J mice. Nevertheless, the difference between the extinguished and the untreated facilitators indicates that the response-enhancing properties of a facilitator can be reduced by simple nonreinforcement.
Mean Responses Per Minute
EXPERIMENT 3B
Using a positive patterning training procedure to establish facilitation, Experiment 1 showed that facilitation was removed by training the facilitator in a CI procedure. The main goal of Experiment 3B was to determine whether this result could be replicated using a feature-positive training procedure to establish facilitation. We also sought to inspect further the extent to which generalization between the current stimuli might limit their use in a withinsubjects design. The mice from Experiment 3A were first retrained on the original facilitation tasks. Then one of the facilitators was repeatedly presented in conjunction with one of the targets and was nonreinforced, while that target alone was reinforced; the other facilitator and the other target were spared this treatment. Assignment of the facilitators to these two treatment conditions was orthogonal to their treatment (extinguished or not) in Experiment 3A.
Both facilitators were then tested with both targets. The basic design of this experiment is outlined in Table 2 . The question of interest was whether nonreinforced presentations of a facilitator in conjunction with one of the targets would eliminate its response-enhancing function.
Method Subjects and Apparatus
In Experiment 3B, the same mice and apparatus as those in Experiment 3A were used. The conditions for housing and maintenance of the animals were the same as those in Experiment 1.
Procedure
Facilitation retraining. Each of the eight sessions of facilitation retraining consisted of twelve 5-sec presentations of each auditory target, noise (N) and tone (T), with a mean ITI of 150 sec. Four presentations of each auditory target were embedded in the last 5 sec of a 15-sec houselight (L1ϪNϩ and L1ϪTϩ), and another four presentations of each cue were embedded in the last 5 sec of a 15-sec panel light (L2ϪNϩ and L2ϪTϩ). All of these presentations terminated with the delivery of a food pellet. In addition, four presentations of each auditory target were nonreinforced (NϪ and TϪ). An equal number of each of the six trial types occurred in the first half of each session, with the order randomized across days. The order of trials in the second half of each session was a mirror image of the order in the first half of that session.
Extinction of facilitation: Conditioned inhibition training. Following facilitation retraining, one of the facilitators was subsequently trained in a CI procedure with the noise target for the next 16 days. Each session contained eight nonreinforced presentations of the noise target embedded in the last 5 sec of one of the 15-sec light facilitators (L1ϪNϪ or L2ϪNϪ) and eight reinforced presentations of the 5-sec noise alone (Nϩ). For 8 animals, L1 was assigned to be treated, and for the other 8 animals, L2 was assigned to be treated. Assignment of which facilitator was to be treated was orthogonal to its extinction treatment in Experiment 3A. Thus, for half the animals, L1 or L2 was the previously extinguished facilitator, and for the other half, L1 or L2 was the previously untreated facilitator. The order of trials was randomized, and the mean ITI was 150 sec.
Testing. All the subjects were given a test session that was identical to a facilitation retraining session, except that all the trials were nonreinforced.
Results and Discussion Facilitation Retraining
Retraining was effective in reestablishing control of responding to the targets by the facilitators. Analysis of the terminal session of facilitation training revealed that responding to the auditory targets in the presence of the visual facilitators was substantially higher than respond- Note-After retraining the facilitators (L1 and L2) with the auditory targets (N and T), one of the facilitators (counterbalanced across subjects) was trained as a conditioned inhibitor with N. In the test phase, responding to the targets alone (N and T) was compared with responding to the targets in the presence of L1 and L2. A "ϩ" indicates reinforced, and a "Ϫ" indicates nonreinforced.
ing to the targets alone. There was no significant difference between the previously extinguished and nonextinguished facilitators in promoting responding to the targets at the end of retraining (F Ͻ 1).
Extinction of Facilitation: Conditioned Inhibition Training
By the final session of CI training, responding to the reinforced target alone had substantially increased, and responding to that target in the presence of the facilitator had substantially decreased. In the last session of CI training, the mean rates of responding to the target alone and the target in the presence of the facilitator were 29.1 and 12.1 responses per minute, respectively. This difference was statistically significant [F(1,15) ϭ 37.7, p Ͻ .01].
Testing
The test data are summarized in Figure 6 : Mean responding to the auditory target (noise) used for CI training is shown in Figure 6A , and mean responding to the untreated auditory target (tone) is shown in Figure 6B . For each target, the mean response rate is plotted for the facilitator trained as an inhibitor (FacI), for the control facilitator (FacC), and for the target alone (TarϪ). Both facilitators depressed responding to the targets, but the facilitator trained as a conditioned inhibitor suppressed responding more than did the control facilitator. The data were collapsed across subjects as a function of whether the facilitator trained as a CI in Experiment 3B had been nonreinforced or not in Experiment 3A, because that factor was found to be statistically nonsignificant (F Ͻ 1). A two-way repeated measures ANOVA showed a significant main effect of trial type [F(2,30) ϭ 27.7, p Ͻ .01] but no significant main effect of target type (F Ͻ 1) and no significant interaction [F(2,30) Using a conventional feature-positive procedure to establish facilitation, Experiment 3B confirmed that a facilitator trained as a conditioned inhibitor lost its ability to promote responding to a target stimulus and, instead, reduced responding to that target stimulus. This finding is consistent with prior work on the conditions that produce extinction of facilitation; facilitation is abolished by nonreinforcement of the facilitator in conjunction with an excitatory Pavlovian CS (Rescorla, 1986a) . However, as was observed in Experiments 1 and 3A, there was considerable stimulus generalization between the auditory stimuli and between the lights, respectively. Consequently, reinforcing one auditory target (tone) resulted in elevated responding to the other auditory target (noise) in Experiment 1, and decremental training of one facilitator resulted in a similar decrement in the control (untreated) facilitator in Experiments 3A and 3B, albeit to a lesser degree. It is important to note that the occurrence of such generalization does not necessarily undermine the conclusions that we have drawn about extinction of facilitation, because the effect of the treated facilitator was significantly different statistically from that of the control facilitator. However, it does complicate assessment of how much of the absolute loss of facilitation can be attributed to a specific effect of the decremental treatment, as opposed to a nonspecific effect of that treatment. Moreover, it raises concerns about assessment and interpretation of transfer of facilitation across targets. These issues were taken up in the next experiment.
EXPERIMENT 4
The results of the preceding experiments are in partial agreement with modulatory accounts of facilitation. On the one hand, the high rate of magazine responding to the auditory target in the presence of the light facilitator is consistent with all of the modulatory models. The detrimental effect of converting the facilitator into a conditioned inhibitor fits, in particular, with the US threshold modulation analysis of facilitation. On the other hand, the profound attenuation of facilitation following nonreinforced presentations of the facilitator is not anticipated by any modulatory approach. The main aim of Experiment 4 was to procure additional support for modulatory learning in the mouse. One strategy we used was to look for evidence of transfer of facilitation across targets. In other work, evidence that a facilitator trained with one target will subsequently promote responding to a different target trained with another facilitator has encouraged an analysis of facilitation that depends on a general property, such as shifting the threshold for activating the US representation (Rescorla, 1985 (Rescorla, , 1986a . The other approach we used was to apply the assessments we have made of facilitation to CI. There is considerable evidence from other studies that CI is most appropriately understood in terms of a modulatory process (e.g., Holland, 1989c Holland, , 1992 Rescorla, 1985; Rescorla & Holland, 1977) .
A standard procedure for assessing transfer of facilitation has been to train each of two facilitators with its own target and then to test each facilitator with the other's target (Davidson & Rescorla, 1986; Rescorla, 1985) . Such a design is unlikely to be useful in the present case, because of stimulus generalization. Although, in the present experiments, we used stimuli that we have found, in other studies in our laboratory, to be readily discriminable by the C57BL/6J mouse, there was nevertheless considerable generalization between the two auditory stimuli (noise and tone) and between the two visual stimuli (houselight and panel light). This problem was particularly acute in Experiments 3A and 3B, where the common treatment of the two visual facilitators and the two auditory targets in facilitation training may have especially deterred discrimination between stimuli of the same modality. Partly in an attempt to mitigate this problem of stimulus generalization, in Experiment 4 we used a design in which mice were given facilitation training with one light and one auditory target and inhibition training with a different light and a different auditory target. Such differential treatment of the same-modality stimuli in training was expected to reduce the generalization between them. Transfer of facilitation was subsequently evaluated by testing the facilitator with the target trained with the inhibitor. However, in the initial transfer tests, responding to the target trained with the inhibitor was too high to permit detection of any significant increase by the facilitator. To provide a more meaningful assessment of transfer of facilitation, responding to the target was reduced by presenting that target without reinforcement prior to final transfer testing of that facilitator and target.
The design used in Experiment 4 also permitted examination of the merits of a modulatory analysis of CI performance. Holland (1984 Holland ( , 1985 and Rescorla (1985 Rescorla ( , 1986a Rescorla ( , 1987 have suggested that it is profitable to view inhibition as the opposite of facilitation. Indeed, the present experiments showing that facilitation is eliminated by training the facilitator as an inhibitor corroborate this view. Additional support for the modulatory account of inhibition has come from studies demonstrating transfer of inhibition across targets (Holland & Lamarre, 1984; Rescorla & Holland, 1977) and the preservation of inhibitory function after nonreinforced presentations of the inhibitor (Rescorla, 1985; Witcher & Ayres, 1984; Zimmer-Hart & Rescorla, 1974) . Consequently, both transfer of inhibition and the effect of nonreinforced presentations of the inhibitor were assessed in Experiment 4.
The basic design of Experiment 4 is illustrated in Table 3 . The subjects received facilitation training with one of the lights and one of the auditory targets (L1ϪA1ϩ, A1Ϫ) and inhibitory training with the other light and the other auditory target (L2ϪA2Ϫ, A2ϩ). Each light was then tested with each auditory target to assess the ability of the lights to transfer across targets. Testing was followed Note-All the subjects were trained with one light (L1) as a facilitator (Fac) for one auditory target (A1) and another light (L2) as an inhibitor (Inh) for a different auditory target (A2). In the extinction phase, one of the lights (counterbalanced across subjects) was presented and nonreinforced. In the target reversal (Tar Rev) phase, the target (A1) trained with the facilitator was reinforced, and the target (A2) trained with the inhibitor was nonreinforced. In the test phases, each light was tested with each auditory target. A "ϩ" indicates reinforced, and a "Ϫ" indicates nonreinforced.
by retraining (not shown) and then by a series of extinction sessions in which either L1 or L2 was presented alone and nonreinforced. Testing was then repeated in order to examine the impact of these nonreinforced presentations on facilitation and inhibition. Additional facilitation and inhibition retraining sessions followed (not shown), prior to a final transfer test. This final test was preceded by target training with the reverse reinforcement contingencies, so that the target trained with the inhibitor was nonreinforced (to reduce responding) and the target trained with the facilitator was reinforced (to increase responding). It was expected that this adjustment in the level of responding to the targets would improve detection of transfer of facilitation and inhibition.
Method Subjects and Apparatus
Thirty-two experimentally naive male C57BL/6J mice (Jackson Labs), approximately 50 days old at the start of the experiment, served as subjects. One subject died during the retraining phase after the first transfer test; his data were excluded from analysis from that point forward. The conditions for housing and maintenance were the same as those in Experiment 1. The apparatus was the same as that used in Experiments 3A and 3B.
Procedure
Facilitation and inhibition training. Each of the 20 sessions of concurrent facilitation and inhibition training consisted of 24 trials designed to establish either L1 or L2 as a facilitator for one auditory target and the other as a conditioned inhibitor for a different auditory target. Eight subjects received 6 trials each of L1ϪNϩ, NϪ, L2ϪTϪ, Tϩ; 8 subjects received 6 trials each of L1ϪTϩ, TϪ, L2ϪNϪ, Nϩ; 8 subjects received 6 trials each of L2ϪNϩ, NϪ, L1ϪTϪ, Tϩ; and 8 subjects received 6 trials each of L2ϪTϩ, TϪ, L1ϪNϪ, Nϩ. The auditory targets (N and T) were always 5 sec long, and L1 and L2 were always 15 sec long. On trials in which N and T were accompanied by L1 or L2, they were embedded in the last 5 sec of the 15-sec light. Reinforced trials terminated with a food pellet (ϩ). An equal number of each of the four trial types occurred in the first half of each session, with the order randomized across days. The order of trials in the second half of each session was a mirror image of the order in the first half of that session. The mean ITI was 150 sec.
Transfer test. The following day, all the subjects received a transfer test containing four nonreinforced presentations of each auditory target alone (NϪ and TϪ), with L1 (L1ϪNϪ and L1ϪTϪ), and with L2 (L2ϪNϪ and L2ϪTϪ). The mean ITI was 150 sec.
Facilitation and inhibition retraining. There were six sessions of concurrent facilitation and inhibition training identical to those used for original training.
Extinction and testing. There were six extinction sessions, each of which contained 16 nonreinforced presentations of either the 15-sec facilitator or the 15-sec inhibitor with a mean ITI of 150 sec. Assignment of the mice to extinction of either the facilitator or the inhibitor was based on their performance in the final session of retraining and was counterbalanced across stimulus identity (houselight or panel light). There were 16 mice in the inhibitor extinction condition and 15 mice in the facilitation extinction condition matched for response rates on the four trial types in the terminal session of facilitation and inhibition training. The day after the last extinction session, the subjects were given a transfer test. As before, this test session contained four nonreinforced presentations of each auditory target alone (NϪ and TϪ), with L1 (L1ϪNϪ and L1ϪTϪ), and with L2 (L2ϪNϪ and L2ϪTϪ). The mean ITI was 150 sec. This test was repeated 3 days later.
Facilitation and inhibition retraining. The mice were retrained on the concurrent facilitation and inhibition problems for 9 days. Details of these retraining sessions were the same as those for the original training.
Target reversal and transfer testing. In order to improve our ability to detect transfer of facilitation and inhibition, the levels of responding to the auditory targets were then adjusted through differential conditioning. All the subjects received three sessions in which the target trained in the facilitation procedure was reinforced and the target trained in the inhibition procedure was nonreinforced. In each of these three sessions, there were eight presentations of each target for 5 sec with a mean ITI of 150 sec. The order of trials was randomized. The subjects then received an additional session with eight presentations of each target, all of which were nonreinforced, followed a day later by a transfer test that was identical in format to the previous transfer tests. Figure 7 plots the development of facilitation and inhibition. Differential responding was acquired in accordance with the reinforcement contingencies. Thus, as facilitation training progressed, responding increased substantially to the auditory target in the presence of the facilitator (FacTarϩ) and, after an initial increase to that target alone (TarϪ), declined to a low rate similar to that observed in our previous experiments. Conversely, as inhibition training progressed, responding increased initially to the auditory target in the presence of the inhibitor (InhTarϪ) but then declined systematically to a level slightly higher than that to TarϪ. Responding to that target alone (Tarϩ) increased over the course of training but remained at a level slightly below that to FacTarϩ. Statistical analyses of the terminal session of facilitation and inhibition training revealed significant differences between responding to an auditory target alone and in the presence of its facilitator [F(1,31) ϭ 79.92, p Ͻ .01] and between responding to an auditory target alone and in the presence of its inhibitor [F(1,31) ϭ 68.47, p Ͻ .01].
Results and Discussion Facilitation and Inhibition Training
Transfer Test
The data from the transfer test are summarized in Figure 8: Responding to the auditory target used for facilitation training (facilitation target) is shown in Figure 8A , and responding to the auditory target used for inhibition training (inhibition target) is shown in Figure 8B . For each target, the mean response rate is shown to the target alone (TarϪ and Tarϩ), during presentation of the facilitator (FacTarϩ and Fac), and during presentation of the inhibitor (Inh and InhTarϪ). For both facilitation and inhibition, the original discriminations were preserved. Thus, responding to a target increased significantly in the presence of its facilitator [FacTarϩ; F(1, 31) This pattern of results is important for two reasons. First, it demonstrates that the mice clearly discriminated between the two visual cues and that it was the conditioned status of those cues that controlled their effect on responding to the auditory targets. If the animals had been unable to discriminate between the lights, there would have been no difference between responding to a target in the presence of its trained stimulus and in the presence of the transfer stimulus. Second, the successful transfer of the inhibitor across targets is consistent with a modulatory account of inhibition. However, the results regarding transfer of facilitation are inconclusive. The failure to observe significant transfer of facilitation may have been the result of a ceiling effect due to the already high level of responding to the target alone. This interpretation was supported by subsequent testing. 
Facilitation and Inhibition Retraining
Retraining of the facilitation and inhibition discriminations proceeded smoothly. The mean rate of responding to the target with its facilitator was 37.7 responses per minute, which was significantly higher than responding to the target alone at 7.7 responses per minute [F(1,30) ϭ 53.41, p Ͻ .01]. The mean rate of responding to the target with its inhibitor was 7.1 responses per minute, which was significantly lower than responding to the target alone at 28.7 responses per minute [F(1,30) ϭ 75.27, p Ͻ .01].
Extinction and Testing
Over the course of extinction training, responding to the facilitator decreased from a low level of 8.7 responses per minute in Session 1 to under 2 responses per minute for the last three sessions of extinction. Responding to the inhibitor was consistently low across the six sessions of extinction and never exceeded 2 responses per minute. In the final session of extinction, the mean response rate was 1.5 responses per minute to the facilitator and 0.7 responses per minute to the inhibitor.
The data of most interest come from the postextinction transfer test, in which the effect of nonreinforced presentations of the facilitator or the inhibitor on its ability to modulate responding to the auditory targets was assessed. Figures 9A and 9B show the data for the subjects given nonreinforced presentations of the facilitator, and Figures 9C and 9D show the data for the subjects given nonreinforced presentations of the inhibitor. There are four points to note. First, nonreinforced presentations of the facilitator eliminated its ability to promote responding to its target. There was no significant difference between responding to the target alone and responding to the target in the presence of the extinguished facilitator (F Ͻ 1); however, facilitation was preserved in the animals that received extinction treatment with the inhibitor [F(1,15) 
Facilitation and Inhibition Retraining
By the end of facilitation and inhibition retraining, performance on both discriminations had been restored to preextinction levels. In the final retraining session, the mean rates of responding to the target alone and to the target in the presence of the facilitator were 6.9 and 30.8 responses per minute, respectively, for the subjects that had received extinction of the inhibitor and 8.5 and 34.9 responses per minute, respectively, for the subjects that had received extinction of the facilitator. A statistical analysis of the data showed no significant effect of group (F Ͻ 1) and no significant group ϫ trial type interaction (F Ͻ 1), but the difference between responding to the target alone and in the presence of the facilitator was significant [F(1,29) ϭ 58.2, p Ͻ .01]. The mean rates of responding to the target alone and to the target in the presence of the inhibitor in the final retraining session were 28.8 and 5.3 responses per minute, respectively, for the subjects that had received extinction of the inhibitor and 28.8 and 6.4 responses per minute, respectively, for the subjects that had received extinction of the facilitator. A statistical analysis of the data showed no significant effect of group (F Ͻ 1) and no significant group ϫ trial type interaction (F Ͻ 1), but the difference between responding to the target alone and in the presence of the inhibitor was significant [F(1,29) ϭ 103.4, p Ͻ .01].
Target Reversal and Transfer Testing
The results of the transfer test are shown in Figure 10 . Responding to the auditory target used for facilitation training (facilitation target) is shown in Figure 10A , and responding to the auditory target used for inhibition training (inhibition target) is shown in Figure 10B . For each target (facilitated and inhibited), the mean response rate is shown to the target alone (TarϪ and Tarϩ), during presentation of the facilitator (FacTarϩ and Fac), and during presentation of the inhibitor (Inh and InhTarϪ). Differential treatment of the targets had the desired effect of reducing responding to the inhibition target and increasing responding to the facilitation target. As a result, there was strong evidence for both transfer of facilitation and inhibition. When the inhibitor was presented with the target used for In summary, Experiment 4 provided strong confirmation of our previous findings that facilitation is extinguished in the mouse by nonreinforced presentations of the facilitator. It also yielded two novel results. First, this experiment demonstrated that facilitation does transfer across targets in mice, a finding that is in line with related work with rats and pigeons. Second, it offered support for a modulatory account of CI performance. Experiment 4 showed that an inhibitor will transfer across targets and that it is resistant to the potential decremental effects of nonreinforcement, again confirming work with rats and pigeons. With the exception of the decremental effect of nonreinforced presentations of the facilitator, the general pattern of results provides preferentially strong support for Rescorla's (1985) US threshold modulation account of facilitation and inhibition.
EXPERIMENT 5
The aim of Experiment 5 was to examine acquisition of a biconditional discrimination in which two stimulus combinations (AX and BY) were reinforced and two related stimulus combinations (AY and BX) were not. This discrimination can be viewed as combining the facilitation and inhibition procedures used in Experiment 4 so that a single stimulus signals when one target is reinforced with food and when another target is nonreinforced. The ability of animals to solve discriminations of this type has been of theoretical interest because of the implications of differential responding for various models of discrimination learning (e.g., Colwill & Delamater, 1995; Holland, 1991; Honey & Watt, 1998; Nakajima, 1998; Pearce, 1987 Pearce, , 1994 . In particular, there is general agreement that biconditional discriminative performance cannot be explained merely by attributing to A and B the power to modulate the threshold for activation of the US representation (e.g., Holland, 1991; Holland & Reeve, 1991; Nakajima, 1998) . In large part, this prediction follows from the fact that a single stimulus cannot concurrently shift that threshold in opposite directions. Indeed, it is this constraint that underlies the explanation for why training a facilitator as an inhibitor is an effective treatment for extinction of facilitation and for why training an inhibitor as a facilitator is an effective treatment for extinction of inhibition.
Explanations for successful biconditional discrimination performance have invoked both modulatory (e.g., Holland, 1983) and nonmodulatory (e.g., Pearce, 1987 Pearce, , 1994 solutions. According to Holland's (1983 Holland's ( , 1985 specific occasion-setting account, A would operate positively on the X-US association and negatively on the Y-US association, whereas B would do the opposite. This modulatory approach is typically contrasted with the nonmodulatory approach taken by Pearce. Adopting the view that compound stimuli are represented as configurations, Pearce has argued that a biconditional discrimination reduces to a simple Pavlovian discrimination between two configural cues (AX and BY) that are reinforced and two configural cues (AY and BX) that are not reinforced.
A number of studies have shown successful performance on Pavlovian and instrumental biconditional discriminations in several species, including bees (Schubert, Lachnit, Francucci, & Giurfa, 2002) , rabbits (Saavedra, 1975) , rats (Colwill & Delamater, 1995; Honey & Watt, 1999; Preston, Dickinson, & Mackintosh, 1986; Trapold, 1970) , and pigeons (Looney, Cohen, Brady, & Cohen, 1977; Thomas & Goldberg, 1985) . To our knowledge, however, there have been no studies of biconditional discrimination learning in the mouse. Experiment 5 addressed this omission, with the objective of examining the implications of successful biconditional discrimination performance for the analysis of facilitation in the mouse. C57BL/6J mice were trained on a biconditional discrimination in which one auditory target (A1) was reinforced in the presence of one visual stimulus (L1), but not in the presence of another (L2), and a different auditory target (A2) was reinforced in the presence of L2, but not in the presence of L1. Each light was presented for 15 sec, and the auditory targets occurred during the last 5 sec of the light. The question of interest was whether responding to an auditory target would be higher in the presence of the light when it was followed by food.
Interestingly, despite extensive training on the biconditional task, discriminative responding did not develop: Responding was as high to the reinforced targets (L1ϪA1ϩ and L2ϪA2ϩ) as it was to the nonreinforced targets (L1ϪA2Ϫ and L2ϪA1Ϫ). To explore the source of this failure to respond differentially as a function of the reinforcement contingencies, two series of tests were run. First, a series of serial test trials was conducted in which L1 and L2 preceded but did not overlap with A1 and A2. This allowed assessment of responding to the auditory targets in the absence of a direct response to the lights. It also approximated a procedure used by Honey and Watt (1998) to examine biconditional discrimination learning in rats. Second, a savings test was used in which one of the auditory targets was reinforced during one light, but not during the other light. This arrangement was either consistent with the previous reinforcement contingencies (L1ϪA1ϩ, L2ϪA1Ϫ) or inconsistent (L1ϪA1Ϫ, L2ϪA1ϩ). The question of interest was whether acquisition by the consistent group would be superior to that by the inconsistent group, which would indicate that some specific learning had occurred despite the indiscriminate pattern of responding.
Method Subjects and Apparatus
Sixteen experimentally naive male C57BL/6J mice (Jackson Labs), approximately 50 days old at the start of the experiment, served as subjects. The conditions for housing and maintenance were the same as those in Experiment 1. The apparatus was the same as that used in Experiment 3A.
Procedure
Magazine training. The subjects were given one session of magazine training, in which 15 food pellets were delivered on a VT 60-sec schedule.
Biconditional discrimination training. Each session of biconditional discrimination training consisted of eight 5-sec presentations of each auditory target, noise (N) and tone (T), with a mean ITI of 150 sec. Four presentations of each auditory stimulus were embedded in the last 5 sec of a 15-sec houselight (L1), and the other four presentations of each auditory stimulus were embedded in the last 5 sec of a 15-sec panel light (L2). One auditory stimulus was reinforced in the presence of L1 and nonreinforced in the presence of L2; the other auditory stimulus was reinforced in the presence of L2, but not in the presence of L1. For half the animals, N was reinforced in L1, but not in L2, and T was reinforced in L2, but not in L1 (L1ϪNϩ, L1ϪTϪ, L2ϪNϪ, L2ϪTϩ). These contingencies were switched for the remaining animals (L1ϪNϪ, L1ϪTϩ, L2ϪNϩ, L2ϪTϪ). On reinforced trials, a single food pellet was delivered coincident with stimulus offset. An equal number of each of the four trial types occurred in the first half of each session, with the order randomized across days. The order of trials in the second half of each session was a mirror image of the order in the first half of that session.
To examine the possibility that the subjects had learned the biconditional discrimination but were impaired in their capacity to express that knowledge, two series of tests were run. The first series involved 21 sessions of serial testing of the biconditional discrimination. Each of these sessions was identical to those used for the original training, except that the targets were presented at the end of the 15-sec light stimuli (not in the last 5 sec of the light stimuli). In this way, responding to the auditory targets could be observed in the absence of any response to the visual cues.
In the second series of tests, the mice were given training on a subset of the light-target relations used in the original biconditional discrimination. All the animals received 28 sessions in which the noise target was reinforced in the presence of one light, but not in the presence of the other light (e.g., L1ϪNϩ and L2ϪNϪ). For half the subjects, this arrangement was consistent with their original training, and for the other 8 subjects, this arrangement was inconsistent with their original training. Each session contained 12 trials of each type. On each trial, a light was presented for 15 sec, with the noise co-occurring in the last 5 sec. Figure 11A displays responding in blocks of 4 sessions to the auditory targets in the presence of the lights for each of the two reinforced compounds and for each of the two nonreinforced compounds during initial biconditional training. After a steep rise in the rate of responding to the auditory targets at the start of training, responding remained high throughout training to both reinforced and nonreinforced compounds. At the end of 80 training sessions, there was still no evidence of any discrimination between the visual-auditory compounds based on the differential reinforcement contingencies. The rate of responding was slightly higher on trials with the noise target than on those with the tone target. In the final training session, the mean rates of responding on the nonreinforced trials were 25.3 responses per minute to the noise target (L2ϪNϪ or L1ϪNϪ) and 22.9 responses per minute to the tone target (L1ϪTϪ or L2ϪTϪ); the mean rates of responding on the reinforced trials were 27.2 responses per minute to the noise target (L1ϪNϩ or L2ϪNϩ) and 22.7 responses per minute to the tone target (L2ϪTϩ or L1ϪTϩ). A repeated measures ANOVA showed no significant effect of target identity [F(1,15) or of reinforcement (F Ͻ 1) and no significant interaction of these factors (F Ͻ 1). Figure 11B displays the results of serial testing in blocks of three sessions. The first point to note is that, with the exception of a slight increase in responding to the nonreinforced noise, responding to the auditory targets was essentially unperturbed by the shift to a serial presentation procedure. The second point to note is that differential responding did not emerge over the course of serial testing. In the final session of serial testing, the mean rates of responding on the nonreinforced trials were 26.6 responses per minute to the noise target and 22.3 responses per minute to the tone target; on reinforced trials, the mean rates of responding were 26.4 responses per minute to the noise target and 24.9 responses per minute to the tone target. A repeated measures ANOVA showed no significant effect of target identity [F(1,15) ϭ 2.17, p Ͼ .10] or of reinforcement [F(1,15) ϭ 1.64, p Ͼ .10] and no significant interaction of these factors (F Ͻ 1). On the basis of these data, it seems unlikely that the lights were eliciting a response that obscured differential responding to the reinforced and nonreinforced auditory targets. Instead, these data suggest an insensitivity to the differential reinforcement contingencies operating in a biconditional discrimination.
Results and Discussion Biconditional Discrimination Training
The results of the savings test, shown in Figure 12 , support the view that the mice in this experiment were insensitive to the differential reinforcement contingencies in the biconditional discrimination. Both the consistent and the inconsistent groups acquired the simplified version of the biconditional discrimination, as indexed by their higher rate of responding to the noise target in the presence of the light that signaled its reinforcement than in the presence of the light that signaled its nonreinforcement. Although the data plotted in Figure 12 give the impression that this conditional discrimination developed more quickly and to a superior degree in the consistent group, a mixed factors ANOVA revealed no statistical support for that impression. There was no significant main effect of group (F Ͻ 1) and no significant interactions of that factor with sessions (F Ͻ 1) or reinforcement [F(1,14) ϭ 1.6, p Ͼ .10] or with their interaction [F(27,378) ϭ 1.15, p Ͼ .10]. There was, however, a significant sessions ϫ reinforcement interaction [F(27,378) ϭ 15.57, p Ͻ .01], which is consistent with the pattern of data presented in Figure 12 showing that as training progressed, responding remained high on L1ϪNϩ trials but decreased substantially on L2ϪNϪ trials.
Experiment 5 offers no evidence that C57BL/6J mice can acquire differential responding on a biconditional discrimination. Differential responding was not obtained after 80 sessions of training and did not appear during 21 sessions of serial testing. Moreover, there was no statistically significant difference in the development of differential responding on a simple conditional discrimination as a function of whether the reinforcement contingencies were the same as those in original biconditional discrimination training or were switched. Although the biconditional discrimination is reputed to be a difficult task when the same reinforcing outcome is used, other studies have obtained evidence that it can be acquired in other species with parameter values similar, although not identical, to those employed here. For example, Honey and Watt (1998) found that rats readily developed differential responding to presentations of X and Y when their pairing with food was signaled by A and B or C and D, respectively, and their nonreinforcement was signaled by C and D or A and B, respectively. In that study, X and Y were 10-sec visual cues, and A, B, C, and D were 10-sec auditory cues. Each session contained five presentations of each of the eight trial types, with a mean ITI of 120 sec. A statistical analysis of responding across six blocks of 8 sessions each revealed significantly more responses on reinforced than on nonreinforced trials in all but the first block. Despite the problems inherent in making comparisons across species, it does seem unlikely that the amount of training provided in Experiment 5 was insufficient to produce differential responding.
On the other hand, there is evidence that the rate of acquisition of differential responding on a biconditional discrimination can be influenced by specific training parameters. It will be important to determine whether the C57BL/6J mouse can show differential responding on a biconditional discrimination under any circumstances. An appropriate starting point for addressing this issue might be to manipulate three variables that have been identified in other studies as affecting acquisition of a biconditional discrimination. Honey and Watt (1999) found acquisition of differential responding with contextual cues that signaled the reinforcement and nonreinforcement of X and Y to be faster than that in an earlier experiment in which discrete cues were used (Honey & Watt, 1998) . Thomas and Goldberg (1985) found better discriminative performance in pigeons with a daily alternation procedure in which reinforced trials with one target and nonreinforced trials with the other target (e.g., AϪXϩ and AϪYϪ) occurred on one day and the reverse reinforcement contingencies (e.g., BϪXϪ and BϪYϩ) operated on a different day than with the conventional training schedule in which all trial types are mixed within a session. Finally, Trapold (1970) obtained superior discriminative performance on an instrumental biconditional discrimination when one food outcome was used for reinforcing one response and a different food outcome was used to reinforce the other response.
Quite aside from the problem of determining whether C57BL/6J mice can demonstrate biconditional discrimination learning under any circumstances is the question of why they failed to solve the problem in the present experiment. The US threshold modulation account provides a straightforward explanation for the lack of differential responding in terms of transfer. L1 and L2 each promoted responding to their own reinforced targets, but that facilitation transferred to the other's reinforced target. According to this model, using different outcomes for the two reinforced combinations would yield differential performance, because transfer is specific to the US. In contrast, both the specific occasion-setting model (Holland, 1983 (Holland, , 1985 and the configural cue account (Pearce, 1987 (Pearce, , 1994 attribute the lack of differential responding to a discrimination failure. As a result, the different compounds would have been indistinguishable from a single compound receiving partial reinforcement. Decreasing the similarity of the stimulus combinations would be expected to increase the emergence of differential responding. This could likely be achieved either by using different outcomes or by using contextual cues with discrete targets.
GENERAL DISCUSSION
This article has presented the results of a series of experiments designed to examine acquisition and extinction of facilitation in the C57BL/6J mouse. Responding to an auditory target that was reinforced only in conjunction with a visual facilitator was enhanced in the presence of that facilitator. Experiments 1 and 3B showed that this enhancement effect was reversed by CI training in which the facilitator was established as a signal for the nonreinforcement of another stimulus that was otherwise followed by food. This enhancement effect was also reduced by nonreinforced presentations of the facilitator either in a discrimination procedure (Experiment 1) or alone (Experiments 2, 3A, and 4). These effects were obtained with both the conventional feature-positive procedure (Experiments 3A, 3B, and 4) and the positive patterning procedure (Experiments 1 and 2) . Two additional findings reported in Experiment 4 included a demonstration of transfer of both facilitation and inhibition across targets and a demonstration that nonreinforced presentations of an inhibitor do not impair its ability to suppress responding. Finally, Experiment 5 showed no evidence for differential responding on a biconditional discrimination task.
For the most part, these findings favor a general modulatory analysis of facilitation, rather than the class of specific modulatory models. In particular, the observation of transfer of both facilitation and inhibition and the elimination of facilitation by CI training provide preferential support for the US threshold modulation approach. Indeed, even the failure to obtain differential responding on the biconditional discrimination in Experiment 5 supports this approach. In fact, the only discrepancy between the present results and the US threshold modulatory account (Rescorla, 1985) is our finding that simple nonreinforcement of the facilitator was effective in reducing its ability to enhance responding to an auditory target. That finding is, of course, also contrary to the predictions of the specific modulatory models, and it is at odds with the empirical results of Rescorla (1986a) with pigeons and of Holland (1989b) with rats.
However, there are two ways in which we might be able to reconcile the attenuation of facilitation by simple extinction with the US threshold modulatory account. One potential explanation is based on the premise that the context in which the facilitator is nonreinforced is excitatory. The nonreinforcement of this background stimulus in the presence of the facilitator thus satisfies the critical condition for extinction of facilitation identified by Rescorla (1986a) . Consistent with this proposition is the fact that for Group C in Experiment 2, the rate of magazine entries on pseudotrials showed a modest decline across extinction sessions. Also consistent with this proposal is the more drastic outcome of Experiment 1, in which facilitation was abolished, relative to Experiment 3A, in which facilitation was preserved but attenuated following nonreinforced presentations of the facilitator. More direct evidence to support this analysis would involve demonstrating that extinction of the context prior to nonreinforced presentations of the facilitator alone preserves the ability of that facilitator to enhance responding to its target.
An alternative way of reconciling our finding that facilitation was reduced by simple extinction of the facilitator is to assert that a salient feature of the facilitator that modulates responding to the auditory target is its own excitatory strength (Swartzentruber, 1998) . There is evidence from studies with pigeons that the expectation of a US elicited by a discriminative stimulus may sometimes overshadow the physical properties of that stimulus and gain preferential control over responding (Urcuioli, 1984 (Urcuioli, , 1985 (Urcuioli, , 1990 . It is worth noting that, in keeping with this explanation, there was a slight decline in the rate of responding to the facilitator during its nonreinforced presentations in all of the experiments reported here. Of course that decline might reflect extinction of a facilitator-target association, rather than a facilitator-US association. A fairly direct way to evaluate the idea that the key feature of a facilitator is its own excitation would be to examine, in the mouse, whether a simple Pavlovian excitor would substitute for the facilitator in promoting responding to the target.
Whichever of these two approaches one favors for accommodating the present results within a modulatory framework, the question of why there is a discrepancy between the data from the mouse and the data from rats and pigeons concerning the effects of nonreinforced presentations of a facilitator will still need to be addressed. A prudent start would be to examine the possibility that the discrepancy arises from a difference in the parameter values used for simple extinction of the facilitator in the various studies. For instance, in the present experiments, there were fewer nonreinforced presentations of the facilitator per session, and they were more widely spaced, with a mean ITI of 150 sec, than in Rescorla's (1986a) study, in which a more concentrated exposure with a mean ITI of 60 sec was used. Other studies have shown that the acquisition of Pavlovian conditioning may be improved with longer ITIs (Frey & Ross, 1968; Gibbon, Baldock, Locurto, Gold, & Terrace, 1977; Kehoe & Gormezano, 1974) and fewer trials per day (Kehoe & Gormezano, 1974) . Similar benefits of trial spacing have been documented for the acquisition of serial feature-positive discriminations (Holland, 1995 (Holland, , 1999 . The possibility should not be discounted that a similar beneficial effect may occur for extinction and that, with parameters more similar to those used in the present experiments, Rescorla (1986a) and Holland (1989b) might have obtained a reduced enhancement effect.
Modulatory accounts for relational discrimination learning, however, have not gone unchallenged, and it is important to at least consider the present results in the light of nonmodulatory models of occasion setting and related discriminations. According to Pearce's (1987 Pearce's ( , 1994 configural cue account of facilitation, the individual elements are assumed to become relatively neutral, whereas a direct excitatory Pavlovian association develops between the configuration of those elements and the US representation. Using stimuli from different sensory modalities, as we did in the present experiments, is thought to discourage such configural conditioning (Holland, 1983 (Holland, , 1989a Lamarre & Holland, 1987) . Moreover, the results of Experiment 5 detailing indiscriminate responding on the biconditional task make it less likely that a configural cue strategy was used to solve the facilitation procedure in the present experiments. Finally, it is relevant to note that this account does not offer a straightforward explanation for the decremental effect of postacquisition nonreinforced presentations of the facilitator, particularly when such presentations are scheduled during discrimination acquisition, as they were in Experiments 1 and 2.
The other possibility relies on a simple elemental analysis of conditioning. In a problem in which a compound stimulus is reinforced (XAϩ) and one of the elements of the compound is nonreinforced (AϪ), X may just develop a simple excitatory association with the US (Hearst, 1978) . An attractive feature of this account is that it readily anticipates a detrimental effect on performance of postacquisition nonreinforced presentations of X. On the basis of extensive work by Holland and his colleagues (Holland, 1986 (Holland, , 1992 , it is clear that the temporal arrangement between X and A can have a strong influence on the nature of the associations formed. In the experiments reported here, a temporal asynchrony was arranged between the onsets of X and A that would favor a solution in which X modulates the response to A. In addition, the inclusion of nonreinforced presentations of X in Experiments 1 and 2 further discouraged the use of a direct Pavlovian association between X and the US.
The main reason to think that such a strategy was not used here is that the response elicited in the presence of the facilitator-target compound was appropriate to the target, not to the facilitator. In the present experiments, high rates of magazine entries with the auditory target in the presence of the light facilitator were observed, indicating that the light was modulating the response to the auditory target. Determining whether the conditioned response to a light paired with food is qualitatively different from that elicited by an auditory CS paired with food would, of course, enable us to strengthen that conclusion. In addition, it would provide a powerful tool for further analysis of discrimination learning in the mouse (e.g., Holland, 1986; , and it could potentially allay concerns about the source of responding that was obtained with the light facilitators in these experiments. For now, it is encouraging that the facilitation acquisition data we have obtained with the mouse are similar to those that have been obtained with rats and parallel to those obtained with pigeons.
An important goal of future studies will be to examine further the mechanisms involved in occasion setting and related discriminations in the mouse. Such information will be valuable for conditioning experiments in general, as attempts are made to meet the increasing demand for learning and memory procedures amenable to a genetic analysis of behavioral plasticity. And it is in the context of meeting that need that the present experiments should be primarily appreciated, since they provide the first investigation of facilitation in the mouse.
